Highly mismatched semiconductor alloys (HMAs) in which a small fraction of the metallic anions is replaced by more electronegative elements have become an important class of materials a s they exhibit dramatic changes in electronic properties from the host materials giving rise to many potential technological applications. [1] [2] [3] A notable and well-studied example is the GaN x As 1-x HMA, in which a strong band gap reduction by as much as 180 meV per mole percent of N (i.e. for x=0.01) has been observed. 3 The unusual properties of HMAs have been successfully described by the recently proposed band anticrossing (BAC) model. 1, 4 The BAC model suggests that an anticrossing interaction between localized states of the foreign electronegative element and the extended states of the host semiconductor matrix splits the conduction band into two subbands. The downward shift of the lower subband is responsible for the reduction of the fundamental band gap while optical transitions from the valence band to the upper subband account for the high-energy edge. This anticrossing interaction also leads to a considerable flattening of the lower subband near its minimum which in turn results in a large increase of the electron effective mass. 1, 5 Recent reports have shown that the modified conduction band in GaN x As 1-x enables an enhancement in the maximum achievable free electron concentration n max by a factor of five as compared to GaAs. 6, 7 In a heavily Se-doped Ga 1-3x In 3x N x As 1-x alloy thin film with only 3.3% of nitrogen, maximum free electron concentration n max as high as 7x10 19 cm -3 was achieved, more than one order of magnitude larger than that of GaAs. 6 Polimeni et al. has shown that the introduction of hydrogen into Ga 1-y In y N x As 1-x and GaN x As 1-x thin films and quantum wells restores the band gap energy to the values of the materials without N. 8, 9 This was attributed to the formation of N-H bonds that resulted in the passivation of N. Subsequent thermal annealing up to 550ºC dissociates the N-H bond, completely restoring the band gaps of the diluted nitride layers to their values before hydrogenation. The effects of hydrogenation in this material are very similar to the well-known H passivation of electrically active dopants in semiconductors. 10 In this paper we demonstrate the existence of an entirely new effect in which an electrically active substitutional Si donor and an isovalent N atom passivate each other's electronic effects. The mutual passivation occurs in Si doped GaN x As 1-x through the formation of nearest neighbor Si Ga -N As pairs when the samples are annealed under conditions such that the diffusion length of Si is greater than or equal to the average distance between Si and N atoms. The passivation is thermally stable up to 950ºC and correlates with an increase in a sub-band gap, deep level emission at 0.8 eV.
Two types of GaN x As 1-x layers were prepared for this study: Pulsed laser annealing (PLA) was carried out in air using a XeCl excimer laser (λ=308nm) with pulse duration ~30ns and laser fluences of 0.35-to 0.79 J/cm 2 .
The resistivity and free carrier concentration in the samples were measured by the Hall effect technique in the Van de Pauw geometry. Fig. 1 -3 indicates that this sample is far from thermodynamic equilibrium, probably due to the highly non-equilibrium nature of the MBE growth process.
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In striking contrast to the behavior of the GaAs:Si thin film, the resistivity of the To test this hypothesis we have investigated the annealing behavior of a Se doped MOVPE-grown GaN 0.012 As 0.988 thin film with Se concentration of ~4x10 20 cm -3 . As is shown in Fig. 1 (b) only a small decrease of electron concentration is observed in this Se doped sample after annealing at 950ºC, similar to the behavior found in the GaAs:Si sample. We also note that no passivation effects can be observed for S donors in S
implanted GaN x As 1-x thin films. 7 This result clearly supports our conjecture that N in GaN x As 1-x cannot passivate group VI donors because N As does not reside in the nearest neighbor of a VI As donor (such as Se or S).
The results in Fig. 1 indicate that the thermally activated passivation has a relatively well-defined onset temperature of about 800ºC. This can be understood assuming that the passivation process is controlled by the diffusion of randomly distributed Si atoms to a Ga site with a N As nearest neighbor. It has been shown that the diffusion constant of Si in GaAs is well described by the formula D=D 0 exp(-E a /kT) with D 0 =4x10 -4 cm 2 and E a =2.45 eV.
14 Using this formula, we find that annealing for 10 sec at 780ºC is required for Si atom diffusion length L D =(Dt) 1/2 to be equal to the average distance of ~9 Å from a Si atom to its nearest N site in GaN 0.015 As 0.985 . This temperature is very close to the observed onset of the Si passivation shown in Fig. 1 . It should be noted that any rearrangement of N atoms should be negligible because of their much higher diffusion activation energy of 3.6 eV. The above results provide compelling evidence that the formation of Si Ga -N As is responsible for the elimination of the shallow dopant behavior of Si atoms. However, since the isovalent nitrogen is responsible for a massive modification of the electronic structure of GaN x As 1-x alloys, 1,4 the extent to which the formation of these pairs affects the role of N atoms in the alloys is investigated. The most straightforward and reliable way to determine the concentration of active N atoms is to measure the width of the fundamental band gap, which is related to the concentration of the active N atoms through the expression derived from the band anticrossing model. 1, 4 The band gap of the films was measured using photomodulated reflectance (PR) at room temperature using a chopped HeCd laser beam (λ=442 nm or 325nm). The discovered mutual passivation of Si and N in GaAs represents a unique effect that could be used to locally control the band structure and/or electrical properties of materials. In order to test the feasibility of this approach we have also studied the mutual passivation in N and Si co-implanted GaAs. Recently we have reported the successful synthesis of GaN x As 1-x thin films by N-implantation in GaAs followed by a combination of pulsed laser annealing (PLA) and RTA. 17 Using this method we have synthesized In conclusion, we have discovered the mutual passivation for electrically active (Si) and isovalent (N) in GaAs. Our experimental results provide strong evidence that this mutual passivation is due to the formation of Si Ga -N As bonds that are thermally stable. Consequently, Si doping in GaN x As 1-x results in a highly resistive GaN x As 1-x layer with fundamental band gap governed by a net "active" N (roughly equal to the total N content minus the Si concentration). We expect that such mutual passivation is a general phenomenon for electrically active hydrogenic dopants and impurities that form localized states when these species reside in cation and anion sites of the semiconductor so that they can form nearest neighbor passivating pairs, e.g. other group IV donors (Ge and Sn) in GaN x As 1-x . This mutual passivation of electrically active and isovalent impurities in compound semiconductors can be exploited for electrical isolation, band gap engineering and quantum confinement. This also provides a unique opportunity for the fabrication of both planar and three-dimensional novel structures by the selective implantation of either one or both species.
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